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FOREWORD 

T h i s  document is t h e  f inal  report on NASA contract  NASW-1284. 

T h i s  cnntrart is part of a cQ2tinuir.g prcgr2n2 9 f  X-ray askGr.Cml,. by 

AS&E and cal led for t h e  design, fabrication and fl ight of two instru- 

mented payloads from Aerobee rockets and preliminary ana lys i s  of 

the result ing data .  
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37 571 1 . 0  INTRODUCTION 

The work performed during th i s  program resul ted in  the  flight of 

sc ien t i f ic  payloacis on t w o  ASioke r n r h t s ,  numbers 4. 147 and  4.148. 

As a resu l t  of data obtained during these  fl ights,  it has  been poss ib le  

t o  loca t e  the  v is ib le  counterpart of ScoX-1, the  bright X-ray source in  

Scorpio. 

nature of soma of the ga lac t ic  X-ray sources .  

This resul t  may be sufficisnt to solve t h e  problem of t h e  

The visible object  is 
t h  bright (12  mag) and has  many of the propcrtias a s soc ia t ed  with old 
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2. 0 EXPERIMENT PLAN 4.  147 

The fl ight of Aerobee 4. 147 was  scheduled for la te  in  1965 and was  to 

carry a sui tably refurbished payload originally developed under cont rac t  

NASW-898 and flown on Aerobees 4.  1 2 2  6 4. 123. 

The limited capabi l i ty  of th i s  payload i n  terms of ava i lab le  detector  

area and control made the  choice  of a su i tab le  experiment difficult. 

following rocket experiments had been flown during 1965. 

' lhe 

a. - NRL. Low resolution survey using despun rocket. Rocket motion 

cons i s t ed  of low sp in  rate  and large precession cone.  

b. Lockheed. Fiigh resolution survey using a n  at t i tude controlled 

(ACS) rocket. 

through the region containing ScoX-1, t he  strong source in  Scorpio. 

Rocket was  allowed to  s c a n  along the galac t ic  equator and 

C. - ASE. High resolut ion survey using spinning rocket. Rocket motion 

cons i s t ed  of high s p i n  ra te  and small  precession cone. 

These experiments had es tab l i shed  the  following facts regarding the X-ray 

sources  . 

a. 

i n  region (t20 - ) around the ga lac t ic  center ,  two sources in  Cygnus and one 

source  i n  Serpens. 
A 0 E) 

NRL. Observation of a number of sources  with a high concentration 
0 

Source locations were given,  but precision w a s  low (several  

uc.y.vII,. 

b. Lockheed Essent ia l ly  the  same re su l t s  as the NRL experiment. 

High resolut ion was  obtained along the ga lac t ic  equator yielding locat ions tha t  

confined the  sou rces  to a narrow (1') band normal to the ga lac t ic  equator. 

bining NRL and Lockheed da ta  allowed refinement of the locat ions of a number 

of t h e  X-ray sources .  

Com- 

! 
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C, AS6E - hflIT. Similar resul ts  t o  those  obtained above, except  

that  principal s c a n  w a s  normal to the ga lac t ic  equator. 

galact ic  were located wi th in  about a 1 square degree box and it w a s  es tab l i shed  

t h a t  a l l  the sources  in  the  vicinity of the ga lac t ic  center  were within severa l  

degrees  of t he  ga lac t ic  equator. 

Two sources along 

The angular s i z e  of ScoX-1 w a s  measured to 
1- - ut? less than 7 ~ i f i ~ t ~ s .  

The locations of these sources is summarized in  Figure 1. The outstanding 

feature  of the distribution of t h e  sources is the confinement to the  ga lac t ic  

equator and the clustering in  the vicinity of the galact ic  center.  In both the 

A S 6 E  and NRL experiments a large expanse of the remainder of the ce l e s t i a l  

sphere was  scanned wi th  no indication of X-ray sources  of near comparable 

intensity.  Aside from the theoretical implications of this  observation, from 

a n  experimental  point of view, i t  meant that  the m o s t  significant data  wouid 

be  obtained ty confining the observation to the ga lac t ic  equator. 

Such a s c a n  is actual ly  possible from White Sands hr iss i le  Range with a n  

Aerobee rocket without the necessi ty  of a n  ACS. 

observed in  our own previous flights. tha t  the rocket (provided it is not 

deliberately &spun) retained its original (prelaunch) heading within severa l  

degrees  throughout the flight and until reentry into the  atmosphere, i. e. : a 

rocket  launched from WSMR, which  is at a lati tude of t 3 3  

indicated that  it would lay over North by severa l  degrees) and would end 
0 

up above L U ~ :  a r r ~ i u a p , h i ; i ~  nt 2 dec!!nztlnn close to t33 . 
is at  t27 . declination, thus if the rocket were fired a t  a s idereal  t i m e  

corresponding to the Right Ascension of the pole (12 

would be  within 10  t o  t h e  

heading axis would s c a n  along a great c i rc le  that w a s  tilted by a t  most 10 

This  resu l t s  from the fact ,  

0 (actual experience 

. 1  The galact ic  pole 
0 

n 50m) the rocket heading 
0 0 

of the  galact ic  pole and a detector mounted 90 
0 

to 
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the galact ic  equator. 

galact ic  equator is of interest  (from Scorpio t o  Cygnus) a flight time c a n  b e  

chosen  that  minimizes the angular deviation between the  two great c i rc les .  

There i s  a potential ser ious problem with absorption in the residual atmosphere. 

The s c a n  circle corresponds approxirately t o  the  horizon, 90  

At th i s  angle  the mass of residual  atmosphere. integiatzd ahng  the line of 

s ight  i s  about 30 times what it is in the zenith direction. 

is a very strong function of both zenith angle and alt i tude.  

In ac tua l  fac t ,  s ince only a cer ta in  portion of the 

0 
from the zenith.  

The actual  mass 

We developed a means of calculating the atmospheric absorption as  a 

function of both al t i tude and detector e levat ion which is outlined in  Appendix I. 

The data  contained in  Appendix I were considered when making the choice of 

t h e  launch r i m e  in order to a s su re  that no source was unobservable because  of 

absorption. 

ga lac t ic  equator could be  achieved from a spinning rocket.  provided the detector 

field of view w a s  large enough i n  the direction noma1  t o  the galact ic  equator 

to  allow for the ac tua l  s can  circle  being as  much as 10 

From these  considerations it w a s  c lear  that  a scan  along the  

0 
off the galact ic  equator. 

There s t i l l  remained the question of a n  actual  experiment. The  relevant 

parameters that  one can  measure are: 

1.  Location 

2. Angular Size 

3 .  Spectra l Content 

The ac tua l  payload restricts t he  precision wirn vvlikh :has.. qiiantities can be 

measured. 

angle  of collimators w a s  made a t  l ea s t  2 . 
rocket  flight approximately 1. 5 seconds was  spent  on each  resolution interval. 

In order to  achieve a n  adequate signal from the sources  the  opening 
0 This meant that  during a 300 second 

5 
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=ne set of counters was  collimated to look along a l ine normal to the s c a n  

direction: another s e t  of counters was collimated to look along a l ine 60" 

off the s c a n  direction. 

Angular size c a n  be measured with the  u s e  of modulation collimators 

as  was  done in  the ASdE experiment conducted under contract  NASW-898. 

l.!-ithin the confines  of this particuiar payload wc used  a modulation colli- 

mator w7hose angular resolution was 3 arc  minutes. Depending o n  the  

signal/noise ra t io  Tfiihen looking a t  a given source,  a n  upper limit of as 

l i t t l e  as 1 to  2 arc  minutes can  be placed on angular s ize .  

Spectral  information can  be obtained with the u s e  of proportional counters. 

I n  previous experiments we had used a combi7ation of geiger counters plus  

filters to obtain spectral  data  in  the range 1-10 kev, and scint i l la t ion counters 

to  obtain data  in  the  range 1 0  kev. In  this experiment w e  used proportional 

counters with a Yenon gas filling. Because of the u s e  of Yenon, the efficiency 

for \:-ray absorption extends significantly beyond 10  kev a s  is shown in  r igure 2, 

and 2 1 1 0 ~ s  the ez t i re  spectral  range to be covered with a s ingle  detector.  

The spectral  resolution is poor, particularly a t  low energy; however, t he  

primary intent  of the experiment is t o  observe cuali tative i i l f e r ences  in  the 

spec t ra l  conten t  of the  various sources.  I n  order to improve the quali ty of the 

da ta  a t  low energy (1. 5 kev) a thin aluminum fil ter was incorporated in  front of 

one  s e t  of counters that  w a s  transported in front of the second s e t  of counters mid- 

way  during [ne i i i y l i i .  

absorbs a major portion of the incident X-rays at energies between 1 . 5  and about 

4 kev, whereas i t s  effect  a t  other energies  are negligible. Comparison of count- 

ing ra tes  with and without the filter a l lows a n  unambiguous s ta tement  regarding 

T h i s  filter, because  of the Y-ray absorption edge  a t  1 .5  kev, 

6 
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the f l u x  at these  low energies.  

a spec t  s t i l l  remained. 

s ta r  sensors  to m a k e  th i s  determination. 

indeed, the limit i n  precision was  the instrument survey; namely. t he  location 

of the severa l  instruments with respect  to e a c h  other on the payload. 

the ana lys i s  of a s p e c t  data and tile miinter data itself. w a s  made extremely 

complicated by the  high spin rate  of the payload. A spin rate of 2 r p s  is the  

same as 720  /sec. In order to achieve 0. 1 precision, t iming neasurernents 

must be accurate  to about 0. 1 5  m s  and it w a s  not c lear  to what extent  this  is 

permitted by the telemetry. 

Aerobee telemetry sys tems (this is related also to  ground fac i l i t i es  zit Tv4brCfirR) 

is about  2000 c p s ;  thus.  small  delays anywhere in  the telemetry system c a n  

introduce systematic  errors i n  timing and throw s f f  t he  a t t i tude measurements. 

It should be noted that  the effective bandwidth in a n  experiment is much larger 

than  the  s ta ted  specification of the  telemetry system because  of the fact tha t  

the measurement is repetitive. 

the da t a  ana lys i s ,  it w a s  necessary.  in  previous experiments to d e t e m i n e  

the sp in  period to 3 : l O  

entire f l i q k .  

The question of the  determination of rocket 

In previous flights we had made u s e  of photoelectric 

The system w a s  completely successfu l ;  

However, 

0 0 

The highest  bandwidth at ta inable  with the ex is t ing  

As an example of the complication involved in  

5 in  order to superimpose the data obtained during the 

We considered the possibil i ty of despinning the payload portion of the rocket  

by  making u s e  of a Fall  Brothers Research Company despin table.  

woutd be corlitiifrnsc! ir: 2 stsndard Aerobee extension mounted between the payload 

and t h e  sunstainer .  The despin  table operates by counter rotating one portion 

of t h e  rocket aga ins t  the  other; a rate gyro being used to control the rate  of 

rotation of one portion ( in  our case the payload) and the remaining portion is free 

This unit. 

8 
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to take  up a l l  t he  excess angular momentum. 

utilized in  the BBRC biaxial solar  pointing control. 

a t ion is that the ne t  angular momentum of the rocket does  not change (angular 

momentum is transferred from one portion to the other): the rocket  re ta ins  the 

s m a l l  amount of precessior! corresponding to  a high sp in  condition a s  opposed 

to  a very large precessioii  sr,g!e resl-lltinc when the net  angular momentum of 

the rocket is reduced to a small value a s  with a YO-YO despin,  but the payload 

c a n  be made to  rotate a t  an  arbitrarily slow value. Ilmvever, tile introduction 

of the despin table c a u s e s  other complications; namely: 

The unit  is similar to  the one  

The principal of oper- 

I .  J i t ter  in  both ;he spin direc;ion and the direction normal to  the spin. 

T h e  la t ter  is caused by wohkle in  the bearings; the former is caused by  friction 

and represents J non-uniform sp in  rate.  

corresponding to the  net { iigl.) rotation ra te  of the vcliicle. 

B o t h  of these  effects have a periodicity 

2. The 3 7  antennas  would be mounted near  the payload. In previous 

experiments w e  had rnounted the  antennae on the tail. This produced a radiation 

field on the ground that is  more readily detected than the corresponding field 

produced by antennae mounted a t  the payload. 

remote from the experiment instrliments, there is less of B prablem with 

electrical interference caused  by the RF field. 

Also s ince  :he antennae are 

These a re  both major considerations that  could adversely affect  the con- 

d u c t  of t h e  experiment and were very difficult  to access prior to the ac tua l  

construction of the payload. Another problem was: 

3. T h e  star senso r  arrangement used i n  the previous rocket f l ights was 

not  directly useab le  with a despin payload. The reason for this is that t h e  

number of s t a r  acquis i t ions per  rotation i s  too small  to determine the precession 

parameters.  &'re had considered allowing only two rotations of the payload dur- 

ing the flight). Thus we needed a n  entirely new aspec t  system based  on  the 

u s e  of a camera for photographing the s ta r  field. 

9 
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Iil view of these  considerations and also of the proklems a s soc ia t ed  

with the ac tua l  procurement and refurbishing of the despin unit, we  decided 

to proceed with the conventional spinning rocket a s  w e  had i n  the pas t ,  but 

making more of a n  effort to  eliminate systematic  errors i n  tile a spec t  

determination. Related to this question of systematic  errors, was  the 

quest ion of the instantaneous axis of rotation oi ihe iecket; i. e. ,  given 

the sighting of a sequence  of s t a r s  along a given great circle,  i t  is generally 

necessary  to extrapolate betweer, two s u c c e s s i v e  star sigf:ti:icJs i n  order to 

determine a s p e c t  a t  a particular time. T h i s  necess i t a t e s  drawing a n  a rc  of 

a grea t  c i rc le ,  corresponding to  the ac tua l  scan line,  which necess i t a t e s  

knowing the instantaneous sp in  axis. I n  previous experiments, i t  w a s  

assumed that the longitudinal axis of the rocket  (the symmetry axis) coincided 

with the  spin axis:  however, the rocket wil l  ac tua l ly  spin aroLiIid one  of :!IC 

principal axes of inertia. I t  is necessary  to  spin-balance t h e  ent i re  rocket  

to determine this  axis, such  f ac i l i t i e s  were not avai lable  and i t  w7as decided 

to incorporate a s t a r  s enso r  in  the payload that would measure i t s  locat ion 

i n  fligtit. This s t a r  s enso r  was  mounted in  the t ip of the rocket and looked 

out along h e  nominal sp in  axis .  

A further complication was  encountered with respec t  to t h e  a s p e c t  

problem, namely, the firing time. In order to achieve the scan  of the galactic 

equator,  t!ie rocket needed to  be launched a t  about 13 hours s idereal  time. 

Duririy iiie Lii-fie of Y e G i  foi xhich the r ~ c k z ~ f  v7as scheduled this necess i ta ted  

a dayt ime launch - a four month delay would have been necessary  to  achieve  

a night time launch. 

10 
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The f inal  list of instruments and their  function is l i s t ed  below. 

1. Proportional Counters. - 2 m i l  Beryllium windows, Xenon g a s  filling. 
2 

overall  dimensions 2 x 2 x 6 " ,  sens i t ive  area 3 6  c m  . 
banks.  

S i x  counters in two 

2. C-eiqer Counters. 2 m i l  Beryllium windows, Xenon g a s  fi l l ing,  overall  
2 

dimensions 1 x 2 x 6", sens i t ive  a rea ,  18 c m  . Twelve counters in two banks. 

3. Photoelectric Detector. 

4. Star Sensors.  One radially mounted, one axial ly  mounted. 

5. Sun Sensor.  

6. Maqnetometers. 

The orientation of the detectors  is l i s ted  in Table I. 

11 



I . .  TABLE I 

ORIENTATION OF INSTRUMENTS 

The coordinate system used is one in which elevation is measured from the 

rocket z a x i s  (the long a x i s  of the rocket,  +z being toward the  t ip),  azimuth 

is mzasured !r! the plane normal to the z-axis ,  with the azimuth of the Geiger 

counters taken a s  zero and is measured in a right hand s e n s e  around the  tz 

axis. The rocket rotation is in tne same s e n s e .  

I 
C 

I 
I I 

Detector Azimuth Elevation Field of View (FWHM) 
A z Elev. 

Upper Geiger  

Lo we r C eige r 

Lower Star 

counter 0 9 oo 1. so 40° (1) 

counter 0 9 oo i .  so 4o0 (1) 

s e n s o r  0 7 5O Z 0  7O 

Upper Sun 
s e n s o r  0 9 oo 1. so 4 0' 

4 0' 
Lower Sun 

0 s e n s o r  0 9 oo 1. 5 

s e n s o r  - O0 4O loo 

t r ic  det. O0 7s0  so loo 

counter  18 0' 9 oo Z0 4 Ov (2 1 

counter  18 Oo 9 oo 2O 40' (2) 

Upper Star  

Photoelec - 

-- 
upper prup. 

Lower prop. 

x-Magneto- 

y-Magneto- 

0 meter 9 oo 90 

meter 18 0' 9 oo 

(3 1 

(3 1 
Notes: 1. Modulation collimator 

2.  Slant  collimator 
3 .  +Axis of magnetometer taken a s  running toward the cable  end. 

1 2  
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I 
3 . 0  HI\RDM7ARE DESIGRJ 

The payload was a refurbished version of what had been flown on 

Acrobees 4 . 1 2 2  and 4.123 thus new design was  minimal. 

of redesign was  inevitable; 3 n e w  counte i  cwrdiyuiaiion wiis utilized that 

made more efficient u s e  of thc avai lable  area which in  t a n  entai led new 

collimators. 

designed for u se  i n  the tip. 

The u s e  of proportional c m n t e r s  made necessary  the incorporation of a 

low n o i s e  preamplifier and modification of existing stretching logic. 

dividual instruments are described below. 

A certain a m o u n t  

One star sensor  was  renovated and a second s t a r  sensor  was 

An ejectable  t ip  w a s  provided in  the payload. 

In- 

3 . 1  Geiger Counters 

Tm-3 banks of six counters each  were incorporated i n  the 

payload. 

window. 

were normally operated between 1400 and 1500 volts.  

is shown in Figure 3 .  

similar to that  used in  the previous payloads. A block diagram of t he  logic 

is shown i n  Figure 4 .  Two separa te  amplifier, discriminator, s t raps ,  

channels ,  a r e  provided; one for the  Geiger counter s ignal ,  the  other for the 

s i g n a l  from a veto counter (piastic scintiiidtivrl cuuriieij. Geiger  coiifitei 

s i g n a l s  a r e  not recorded i f  they a re  time coincident with the veto s ignals  

(linear antigate).  Acceptable s ignals  drive a sca le r  whose output is a 

s t a i r c a s e  function that  goes directly to  a clear  telemetry channel. 

s ignif icant  features are:  1) i f  the  Geiger counter s igna l  is too large (as 

might resu l t  from arcing) a veto s ignal  is generated and 2)  following any 

Geiger  counter s igna l  a 1 m s  deadtime is imposed on the circuit .  

prevents afterpulsing from being recorded as  counts e 

Each counter was  fi l led with xenon gas and had a beryllium 

The counters were designed to have a threshold 1300 volts and  

A bank of six counters 

The electronics a s soc ia t ed  with tnese  counters was 

Other 

Tnis 
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3 . 2  Proportional Counters 

I 

Two banks of three counters each were incorporated in  t h e  

Except for their size (L x L x 6") those  counters were ident ical  payload. 

to the Geiger counters. Each 

counter was provided with a preamplifier that  incorporated an  automatic 

cutoff feature tc, block the output i n  the p u k e  rate  exceeded a ccrtain prc- 

s e t  level.  A logic diagram of this  circuitry is shown i n  Figure 6 .  

linear output of the preampliiier went to circuitry ident ical  to whut had been 

used i n  the previous experiment for the X-ray scirltillation counters which 

cons is ted  of a stretcher that preserved the pulse height of individual s i sna l s .  

The stretched sicjnalz were tclemetcrcd aiircctlj,. 

A bank of counters is shown in Figure 5, 

The 

3. 3 P h o t x l e c t r i c  Detector 

Tnis device  was  the identical unit that  was used in  previous 

rocket  measurements. 

3 .  4 Radial (Lower) Star Sensor 

This unit was one of the  s t a r  sensors  dcvcloped for the  

earlier rocket f l i  , l l t r .  

s ing le  slit in  the loca l  p l m c .  

which is a miniature tube with a n  internal photocathoae. 

of t he  s t a r  sensor  is shown in  Figure 7. 

of i t s  f ield to  a l low the unambiguous determination o f  the  Elevation of a 

glV€!n s t a r  dI ceriuiil iiiiies; i. c -  , P c;ll'e!? ac?ilir,ition of a Star determines 

azimuth elevat ion is fixed only within the  width of the s l i t .  With a sp in-  

ning, yawing rocket,  the same s t a r  is observed repeatedly,  but, because  

of the  yaw, when the  s ta r  crosses t h e  s c i n  pldnc, i t  disappears.  A t  that  

i n s t an t  t he  elevation of the s ta r  is uniquely determined. 

The 2ptics sonaicted of a 3"  f:l f rcsnel  lcns  and a 

C70129B T n e  photomultiplier w a s  an X C A  

Tae field of view 

The s l i t  was broken in  the middle 

3 . 5  h i a l  (Upper) Star Sensor 

The need for th i s  sensor  was previously d iscussed .  An 
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entirely new device was developed that incorporated a 2 “  f:2 Nikon lens  

and an  1 l / Z ”  diameter, end window photomultiplier (RCA C70114) a s  the  

light detector. 

poration in  the focal plane of a n  extensive s l i t  system a s  opposed to the 

s i n g l e  narrow s l i t  utilized in the radial  star sensor .  

used is shown i n  Figure 7 .  

c lue  b i t h  the !ongitudina! axis of the rocket (in practice.  it  is defined as  

tha t  axis).  

the  s l i t s  are separated in  azimuth precisely 120  , the  third s l i t  i s  at a 

varying azimuth that allows approximate determination of (within 1 ) of 

the elevation of Stdr (the angle from the center). 

1 segments so that during the precession cycle  a s t a r  will disappear when 

i t  crosses from one segment to the next at the instant  of disappearance the  

elevat ion of stdr is precisely determined ( 

be determined from each of three s l i t s ,  i t  is possible  to locate the spin 

ax is  with respect to t h e  center of the s l i t  system (longitudinal axis  of the 

rocket). 

The u s e  of the large diameter multiplier allowed the incor- 

The ac tua l  s l i t  system 

The center of the slit system is m a d e  t o  coin- 
. ,  

Per rotation a s tar  will traverse each of the three s l i t s ,  two of 
0 

0 

Each s l i t  is broken into 
0 

0 
0. 1 ). Since the elevation can 

3 ,  6 Sun Sensors 

The s u n  sensors  consis ted of solid s t a t e  photodfodes. 

The solar radiation was  transported to the photodiode by a iusi te  rod mounted 

behind t h e  set of collimators that  were used i n  conjunction with the Geiger 

counters.  

3.7 

Two were used 

3 . 8  

and the  Geiger 

Macinetome ters 

The magnetometers were Schoensted Model RAM 3C units.  

i n  the  payload; both were mounted radially. 

Collimators 

Collimators were  used i n  front of the proportional counters 

comters i n  order to limit the acceptance directions of the  

X-rays. Slat collimators were u s e d  in conjunction with the proportional 

2 0  
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colhrnators. 

individual s l a t s  were separated by 0. 03". The field of view of t h e  coll i-  

mators was  nominally 2 x 40 f u l l  width a t  nalf maximum. An assembled 

collimator is shown i n  Figure 8 .  The  s l a t s  were s lanted by 30 io  the 

scan planc, which meant that  t he  azimuth at which a source would be 

d x e r v a b l e  was a function of tne angle of t h e  source off the  scan plane. 

The s l a t s  were fabricated from 0. 01" s t a in l e s s  s t e e l  and 

0 0 

0 

A combination moduldtion collimator and s l a t  collimator was 

used i n  co:ijuiiction with tht. Geiger counters. 

similar to that used with the  proportional counter except that  i t  was not 

s lan ted  with respec t  to  the s c a n  plane. 

(FWHM). 

2 "  apart .  An individual grid is shown  i n  Fisure 9 . The grid wires were 

0.0025" in  diameter and spaced or, 0. 305" centers.  Witin the 2 "  spacing 

between grids this  yielded a collimator whose angular resolution was 8 

a r c  minutes. 

1. 5 x 40 

minutes. 

Tile s l a t  collimator W ~ S  

0 0 
The field of view was 1. 5 x 40 

The modulation collimator consisted of clectroformed grids spaced 

The effect  of the modulation collimator was t o  break the 

field of view into a ser ies  of parallel  bands separated by 8 a rc  

T h e  direction of the bands was  parallel  to the scan  plane. 

0 

3 .  9 Assembly 

The overall  rocket is shown in Figure 1 0 .  The bas i c  structure 

was not significantly modified from the unit uti l ized i n  the previous rockets. 

The s t a r  sensors  and magnetometers were remounted, the housekeeping unit 

and  the photoeiectric cietcctais  ere nnchanged. 

assemblies were new, but were mounted in  the same veto-scintillation counter 

as i n  the previous payloads. 

The counters and collimator 

2 2  
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4,O TESTING AND CALIBRATIONS 

Work was  init iated on preparing the  payload for flight during May 1965. 

A l l  fabrication was  completed by the  last week in  July and a fully assembled 

paylcac! w a s  available by 9 August. 

of operations was  adhered to: 

From tha t  t i m e  the  following schedule  

9 August - Systems tes t ing of payload 

1 6  August - Vibration tes t ing  

Vacuum tes t ing  

23 August - Payload integration at GSFC 
30 August - Instrument alignment at AS &E 

7 September- Arrival at WSMR 

15 September - Launch da te  

Prior t o  9 Augus t  there  had been extensive tes t ing  of individual sub- 
0 

assemblies .  

assembl ies ,  vacuum t e s t i n g  of all assemblies  tha t  involved high voltages.  

Equipment was  left on during the  entire vacuum t e s t  to assure  tha t  no damage 

could be incurred in  going through the  corona region. 

t h e  exception of the  photoelectric detector, all high voltages were on at launch. 

The high voltage for the  photoelectric detector  w a s  switched on  at about 100 

3t;crUIIU.l - - - - - A -  *L.L.” ;-+n +I- ...- f l i 5 h k -  

t he  various input functions versus  the telemetry output, 

These included thermal (from Ooc to 40 c) tes t ing of all electronic 

During the  flight,with 

Additional tes t ing included routine cal ibrat ions of 
‘u, 

Two sub-assemblies,  the  X-ray counters and the s t a r  sensors ,  were 

subjected to much more extensive tes t ing than the  others. The counters,  both 

Geiger  counters and proportional counters, were vacuum cycled upon delivery 

and severa l  t i m e s  during the  program. The properties of t h e  counters were 

measured on a weekly basis. For the  Geiger counters th i s  consis ted of 

measuring the plateau curve (counting rate  as high voltage) and for the 

2 5  



the  resolution a t  several  X-ray energies.  

counter response  to X-rays a t  1 .5  kev produced by a continuous X-ray 

spectrum fil tered by aluminum, 

Figure 11 shows the proportional 

T h e  s t a r  sensors  were tested for their sensi t ivi ty  to starl ight and to bright 

l ight t ransients .  

that the rocket f l ight was planned for daytime. 

of bot!? t+c s t a r  sensors  to very fsriqht Iight and indicates  that €or both re- 

cover:r v-vas complete within about 50 milliseconds following the end of the 

l ight pills e. 

T h e  latter was of particalar importance because  of the fact  

Figiiie : 2  s h z x s  the response 

T h e  relative alignment of the several  instruments represented a major 

problem because  of the attempt to achieve ultimately a precision of better 

than l/'4 i n  location; tile pro t lem being that the X-ray detectors  and s t a r  

sensors a r e  separated on :lie payload. T h e  entire alignment was performed 

using v is ib le  light, separate  measurements had establ ished that the direction 

of maximum transmission of tile X-ray collimators i n  v i s i l l e  light was the same 

a s  i? Y-ra:rs. In the first,  

the rocket was s e t  up vertical  on  a rotary takle (see Figure 131, a 6 inch re- 

flecting te lescope was used to provide a collimator beam of light whose diver- 

gence  w a s  less than 1'" The te lescope was attached to a rotary table that 

allowed rotation of t h e  te lescope i n  a vertical  plane. 

table- te lescope was mounted on a m i l l i n g  machine that allowed about 2 4  i n c h  

excursion i r l  h t h  vzr:ies,! 2nd h ~ r i z ~ l n t a l  directions.  

measurement of angles  to within several  arc rninute5. 

allowed transporting the te lescope (ie: the collimator beam of light) without 

changing i t s  direction by more than 1'. \i'lith this se: up, the relative orien- 

tation of the severa l  X-ray collimators and t!ie radial  s t a r  sensor was de- 

termined by mapping the response to the collimated light bcam. 

0 

T h e  alignment was measured in  two different ways.  

The combination rotary 

T h e  rotary tables allowed 

T h e  milling mac!iine 

26 
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The orientation was  measured M i th  the  te lescope  inclined at many different 

angles .  In the second arrangement, the  rocket payload w a s  made horizontal 

and the  orientation was  measured with a pair of theodili tes.  The theodili tes 

were used  to sight on the  severa l  detectors; i n  t he  case of the  s t a r  sensors ,  

the theodi l i tes  were focussed to infinity and viewed the slit i n  front of the  

photomultiplier through the  sensor  optics. 

a foiir s ided figure was  determined with the two theodi l i tes ,  the axial s t a r  

sensor  and another detector forming the corners of the  figure. Using t h e  

angles  defined by the  theodi l i tes  a t  their  respect ive corners,  t h e  angle 

between the  two detectors  on  t h e  payload could be determined, 

For each  measurement orientation, 

29 
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5.0 FLIGTiT - 4.147 

Following successful  completion of integration a t  GSrC and final calibra- 

tion and  d ignmcn t  a t  ASSIC, t h e  p2yload was shipped t? 1VSMR. 

was the schedule  of operat io-s  carried out a t  'LVSMR. 

T h e  following 

7 Septemher 1 9 6 5  

9 September 1 9 6 5  

9 September 1965 

1 0  September 1 9 6 5  

1 0  September 1 9 6  5 

1 3  September 1 9 6 5  

1 5  September 1965 

A M 

P rv? 

A M 

P hl 

P M  

?.ocket avai lable  

Pre-flight conference 

Horizontal Instrumentation 
check 

V?eigh and set fi:is 

Vehicle in  tosver 

Vertical Instrumentation 
check 

Launch 

T i u ~  rockct had been c?rigi:ially scheduled for launch on 1 5  September 1965.  

A irisfire ncr,m-ed and rorced a cancellation of t he  f l i g h t .  

uled on  the  i-iext ear l ies t  da te  t h a t  the range would support a launch; ndmely, 2 2  

September. The re  

w a s  no apparent d3rnage to t h e  payload. 

a t  13:07 MST on 2 2  September 1 9 6 5 .  

reached  a peak ciliitui:e of ! 2 1  ~ i l e s  

instruments for a total  of 395 seconds; of this ,  315  seconds was during the  portion 

of t h e  f l ight that the rocket  was  above 80  km. The parachute recovery of the 

payload was not completely successful .  Upon impact, t h e  front portion (1 2") 

of the  payload and ogive were crushed. T h e  force of the impact sheared s ivteen 

410  steel screws that  held the payload to a b a s e  ring. 

is shown in  Figure 14. 

The flight was resched- 

Tht7 nature c \ ' t he  misfire ~ ~ 7 3 s  failure of the hooster to ignite.  

T h e  rocket  was  successful ly  launched 

The flight was as  predicted and the rccke t  

TpIemetry data was  received from a l l  

T h e  recovered payload 
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Tne bulk of the instrumentation worked a s  expected. @ne s ignif icant  

The failure occurred; the  door to the  photoelectric detector failed to open. 

Geiger counters and proportional counters were functioning at launch and there 

did not appear  to have been any failure in  their  operation. 

3 3  



6.0 PRELIMINARY DATA A~JALYSIS 

In sp i te  of the  apparent success of th i s  rocket f l ight and the 

recovery- of the bulk of the  telemetered data ,  it h a s  not proven possible 

t o  extract  much useful  information on the  b a s i s  of preiimiiiary ar?alysis. 

A superposit ion of the da ta  obtained from one of the  detectors  is 

shown i n  Figure 15, which indicates  the ex is tence  of only a s ing le  X-ray 

source.  

t hese  data .  These are: 

A number of circumstances have complicated the  ana lys i s  of 

1. A higher ( 3 rps) than anticipated sp in  period e 

2, Poor aspect data. Stray sunlight makes it difficiilt 

t o  pick out s ta rs .  

High background in  t h e  X-ray counters,  3. 

2 The background counting rate  was  about 1 c t / c m  

about three t imes higher than had been previously observed. This background 

radiation w a s  not soft ( <  10 kev) s ince it did not show any alt i tude variation. 

The higher background than had been previously observed can  apparently be 

accounted for by t h e  change t o  Xenon filled counters as opposed to Argon 

f i l led counters tha t  we had previously employed. 

counters  extends to we i i  db6vS its K-edqe at 32 kev.and is about 100 t i m e s  

more sens i t ive  to the  local (produced in the  Earth's atmosphere by the  

cosmic rays) 

-sec, which was  

The efficiency of the Xenon 

?-ray background than are  t h e  s a m e  counters fi l led with Argon. 

It does  not appear tha t  we  yet have the  correct superposition of the 

The s ingle  peak obsenred in  Figure 1 5  h a s  a width of 1Z0 which is da ta .  

about three to four times the angular width of the  collimators. Of course,  

3 4  
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i f  the same number of counts is concentrated in  a narrower peak, the signal 

to noise ratio improves correspondingly, and it could be that additional 

sources wi l l  appear i n  the  data when the data can be superimposed 

correct ly . 
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7. O EXPERIMENT PLAN 4 .  148 

1 
I 
c I 
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The experiment plan for rocket 4.148 w a s  conceived during the  summer 

of 1965, prior to the flight of Aerobee 4,147. The experiment, from a n  

instrumentation point of view, w a s  to represent a radical  departure from 

previous ones.  

scanning over  limited regions of the s k y  or  even  restricting the cntire obser- 

vat ional  t i m e  t o  a s ingle  X-ray source. 

The rocket was  to be ACS equipped which pem.itted 

Before d iscuss ing  the actual  experirnent it is useful to review the  

observat ional  s t a t u s  of X-ray astronomy as of that  t i m e .  

0 
1. ScoX-1, the  brightest known X-ray source,  w a s  located 25 

from t he  ga lac t ic  equator. 

about 10  e rgs  - c m  -sec. There w a s  no apparent vis ible  or radio counterpart. 

The X-ray flux, in  the  range of 1-10 kev, w a s  
-7 2 

2. A group of sources  were clustered near  the ga lac t ic  center  and 

within seve ra l  degrees  of the galactic equator. 

3. Isolated sources  had been observed along t h e  ga lac t ic  equator 

in  Cygnus,  Serpens and Taurus, 

4. 

size of the X-ray 

only source with a known visible or radio counterpart. 

os X-ray astronomy w a s  such as to offer little he lp  to the  experimenter. The 

neutron star hypothesis  was  in disfavor; f irst ,  because  the  measurement of the 

angular  size of t h e  source in the Crab Nebcla is not compatible with a neutron 

star: and secondly,  calculat ions indicated that  the cooling t i m e s  of neutrons 

stars would be very short. 

e lec t ron  bremsstrahlunq a s  possible X-ray production mechanisms. 

The source in  Taurus w a s  apparently the  Crab Nebula. 

emiss ion  region was  finite (1 to 2 arc minutes). 

The angular 

This w a s  the 

The theoretical s t a tus  

There s t i l l  remained synchrotron emission and 

T h e  latter 
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tended to be favored ( in  the form of a hot plasma) but  only because it was  

diff icul t  to constri:ct a model for  synchrotron emission tha t  allowed for 

the continuous and rapid acceleration of very high energy electrons.  

was  no observational b a s i s  for a dis t inct ion between ;he two processes .  

Although a number of models had been sugqested,  there  w a s  s t i l l  no 

sat isfying explanation for what was the configuration of matter tha t  could 

give r i s e  to a n  X-ray source and how it evoived. 

There 

The answers  to these questions a re  c lear ly  the  central  problem i n  

X-ray astronomy, however, it  was  a l so  c l ea r  t o  u s  that  t h e  answers  probably 

coald not come from observations in  X-rays alone. The reason for t h i s  is 

the  combined d i f f icu l t ies  of first ,  any  s p a c e  borne experiment: and second, 

any  X-ray experiment. The to ta l  observational time ava i lab le  to all experimenters 

is no more than  about 10-15 minutes/year from above t h e  atmosphere. 

Thus w e  felt t h a t  t he  m o s t  significant experiment that  could be performed w a s  

the  prec ise  local izat ion of a n  X-ray source to allow ground based  astronomers 

to find and observe the  source a t  leisure.. A corollary experiment to 

measuring location, is the  determination of angular size which a l lows  some 

statement as  to what to expect i n  vis ible  light. 

It w a s  also c l e a r  that ScoX-1 should be the  primary target.  The sources 

near  t h e  ga lac t ic  cen te r  are probably obscured by dus t  and not observable 

in  visible li7ht. Excluding the  Crab, t he  remaining isolated sources  were not 

se r ious ly  considered as  ta rge ts  because: first, t he i r  in tens i ty  w a s ,  at most, 

0. 1 of ScoX-1, and secondly it w a s  not apparent wnerher I I I C X ~  t h x  a s!?..;le 

object could be observed during one rocket flight. 

W e  had already been ab le  to make cer ta in  def in i te  s ta tements  regarding 
-7  2 

ScoX-1 i n  v i s ib le  l ight.  The observed power in  X-rays, 10  ergs -cm -sec 

corresponds to a flux dens i ty  of 10 

source  is not opt ical ly  thick (neutron s tar)  the flux dens i ty  must equal or 

e x c e e d  th i s  f igure i n  v is ib le  l ight  and radio. 

-25  2 ergs -cm -see (c/s), Provided the  

In v i s ib l e  l ight  th i s  corresponds 
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i 

-10 2 to c'n integrated power o f  about 1 0  ergs -crn which is equivalent to  a 

t 1 3  xagni tude object. This should be a fciirly obvious object in vis ible  light 

especiGlly i f  it had p o s s e s s e d  finite size. If t he  source size were too 

l?rge, the surface brightness would be below observational limits. Taking 
L that  limit a s  t23 rn per (arc second) 

sbserv3hle provided its angular s i z e  was  less than between 2 and  3 c7rc 

minutes. W e  had previously establ ished that  t h e  anyuiai  s i ze  of the  source 

w a s  l e s s  than 7 arc minutes, and furthermore, we knew from an  examination 

of survey photographs of the region near Sc3X-l that  there was no extended 

object  present  of the  requisite brightness. This left only two possibi l i t ies ;  

f irst ,  that  the angular size w a s  very small  and the  image was  starl ike;  and, 

two, t h e  angular s i z e  was between 2 and 7 arc  minutes. 

dre of c o u r c ~  based  on t h e  assumption that  a vis ible  counterpart did i n  fact 

exist. 

meant that  t h e  source should be 

T h e s e  considerations 

IVe had avFilable a n  outs  tanding instrument with which to perform 

t h i s  observation, namely the modulation collimator a s  originally conceived 

by P m f .  Minoru Oda, ?long with subsequent innovations notably t h e  inclusion 

of intermediate grids ail4 the vernier technique. 

to c o n s i s t  of measuring the location and angular s i z e  of ScoX-1 with the 

highest  possible  precision allowable from this cornhiriation of X-ray instrumen- 

tation, optical  a spec t  system and rocket control. 

w e  included the Crab "bula a s  a target during t h e  f l ight because ,  1) it  

would provide a measure of the capdhi l i ty  af t h e  exr,eriment to yield high 

precis ion data  and, 2 )  t he  Crab  is of such  intr insic  as t rophysical  importance 

tha t  a n y  opportunity to obtain new data on that  object could not be ignored. 

The de ta i l s  of this ac tua l  experiment are given i n  Appendix 11, which is a 

paper prepared by Minoru Or?a and Herbert Gursky for publication. 

II also contains  a description of the instrumentation employed i n  the payload. 

The experiment was  thus 

A s  a n  auxill iary e x p e r i m x t  

Appendix 
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8.0 HARDWARE DESIGN 

The experiment planned for vehicle 4. 148  involved a totally new 

payload from what had beer! previously employed by ASGE in i t s  rocket 

experiments. 

design were a s  follows: 

The bas i c  cri teria that  evolved as guides in the hardware 

1. 

maximum volume; 

Use of the cone -cylinder payload configuration t o  achieve 

2 .  View angle along the roll ax i s  t o  maximize avai lable  

length f w  X - ray collimator; 

3. Payload structure of sufficient rigidity t o  a s su re  s tabi l i ty  

of the collimator properties; 

4. U s e  of a s tar  photography t o  determine aspec t .  

The layout of the  instruments is shown schematically in Figure 8 

of Appendix 11. The instrumentation comprised the payload cylinder, the 

t ip  e ject ion mechanism, the  modulation collimators, t he  proportional 

counter detectors ,  the  aspec t  camera, the housekeeping unit and the 

assoc ia ted  electronics.  
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8 -1  Aspect Camera 

The  central  qlwstion i n  the design of the a s p e c t  camera 

was  the sensi t ivi ty  to s ta rs  under the conditions of the f l i g h t ,  ar,d the 

resolution tha t  could be attainec! on t h e  film. W e  conducted a series 

of ground t e s t s  to determine f i l m  sensit ivity.  Figure 16 shows the 

s t reaked image of CY U maj .  ( 2 .  0 magiiitilies) CR Tr1-X film while the 

camera w a s  planning a t  1' and .?'/sex. 

Cooke, f l . 4 .  

indicated that 4 .0  mag. s ta rs  could be observed a t  s c a n  r a t e s  of 1°/sec. 

Since w e  anticipated s c a n  r a t e s  of only several  a rc  minutes/second, t h e  

sens i t iv i ty  under fl ight conditions was  estimated to be to s ta rs  between 

6 and 7 mag. The resolution of this  camera for s ta rs  is shown in  

Figure 17 which shows the images of the s ta rs  Castor and Pol lux  under 

conditions close to  minimum sensi t ivi ty  for detecting a s ta r  image. 

T h e  s i z e  of the image is  about 20 microns. With a 50 mm focal  length 

l ens ,  this image s i ze ,  represents  an angle of sl ightly more than 1'; 

the centroid of the imaqe c a n  be determined to a fraction of this ,  barring 

random shif ts  on the  f i lm .  W e  used an  es ta r  b a s e  f i l m  to  minimize the 

effects  of f i l m  shrinkage and stretching. The i ield of view of the l e n s  

when mounted i n  the payload w a s  about 3 x 10' or 30 sq. deg. 

dens i ty  of 7th magnitude s ta rs  is about 0.25/sq. deg which means on the 

a-~-eraqe, several s t a r s  would appear i n  t h e  photograph. 

The camera l ens  was  a 50 mm 

T h e  observation of other s t a r s  on the same photographs 

T h e  
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8, 2 Proportional Counters 
2 

The proportior,al counters were Xenon fi l led with Y mg/cm 

Beryllium windows. Except for dimensions, they were  ident ical  to the  

counters used in  payload flown on Aerobee 4. 147. The electronics  used 

with the  counters w a s  similar to that  previously employed; t he  preampli- 

f iers  were ident ical ,  but t he  logic shown in Figure 18 w a s  modified to 

a11ww "--.- DL"!I.I?J --- -6 V Z  tho ...- nittntut ---= of e a c h  counter. 

rated in the  payload. 

counters and three counters for the purpose of telemetering the pulse  

height infornation. In addition, the  output of e a c h  counter w a s  telemetered 

directly in the  form of a s ta i rcase  (4 steps) function. 

Ten counters  were incorpo- 

The s ignal  output w a s  split in two groups of two 

8. 3 h,lodulation Collimator 

A pair of modulation collimators in a coixmon housing w a s  

incorporated in the payload. 

in the i r  overall  length which rescllred in a corresponding difference in 

t h e  angular spacing of their  transmission bands,  

of a vernier technique, a substant ia l  reduction in the  degree of ambiguity 

tha t  normally accompanies the u s e  of the  modulation collimator t o  measure 

location. The half-width of each  of the transmission bands w a s  about 

40" ,  and the  separation between bands was  about 5 ' .  

The two collimators differed by about 5% 

This allowed, by u s e  
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8.4  ACS Manuevers 

The rocket t o  be used for this  experiment was  t o  be equipped 

with the  standard Aerojet-General ACS package a s  modified by the  
I 

I sounding Rocket Branch of the GSFC. The manuevers formulated for the 

ACS a re  l is ted in  Table 11. Ledex position refers to posit ion on a 
I 

I 
stepping switch that controlled the ACS function. Through posit ion 9, 

the  manuevers are standard for any  given flight: they en ta i l  biiii$iiS the 

rocket axes to  a predetermined orientation which is normally one in  which 

the  roll axis is c lose  t o  local  vertical  and the pitch and yaw axes  are 
0 - + 45 

bring the rocket  roll axis (nominally the  optic a x i s  of the AS&E instruments) 

onto the  Crab Nebula; posit ion 14 was a roll around the  Crab position: 17, 

18 brought t h e  roll ax i s  t o  ScoX-1; and position 2 1  was a roll around that  

object. 

different l ines  through the  source. 

could be obtained regarding t h e  two target sources  even though the  modu- 

la t ion collimator is only a one dimensional device.  The rocket was t o  be  

launched at a t i m e  when both objects  were approximately equidistant above 

the  local horizon. 

off the  North-South line. Manuevers 10 and 11 were intended t o  

The roll manuevers were necessary to allow measurement along 

In t h i s  way two dimensional information 

I 

8. 5 Telemetry Layout 

Two telemetry transmitters were incorporated in  the  payload and 
the  information carriea on ii~e ----:-e*- vaiLuua L)Uuv.-r---.- -*h-arrier r h a n n e l s  is l is ted in  Table 

111. 

channels  carried information pertaining to timing of the  camera operation 

(Fiducial l ight #1 and one second clock), five channels  contained information 

regarding t h e  ACS operation and two channels contained AS&E housekeeping 

da ta  on commutated channels.  

Besides the  proportional counter data (PHA a - d, counters 1 - 10) two 
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TABLE I1 
- ACS COMMA??P 

The ACS manuevers were as follows: 

Ledex Position Maneuvers 

3 
4 
5 
6 
7 

9 
10 
i i  
1 2  - 1 3  
14 
1 5  - 16 
17 - 18 
19.- 20 
2 1  
22 

a 

4 7  

Des pin 
Erect ion 
Hold 
Roll R e m o t e  Adj, 
Pitch R e m o t e  Adj. 
Yaw Remote Adj.  
Hold 
Roll -25.2O 
Pitch -80' (to Crab Nebula) 
Hold 
Roll -65' 

Yaw -160. 2 (to ScoX-1) 
Hold 
R o l l  -90° 
Wait 

Hold 



TABLE 111 

-- TM LAVCIUT 

234 m c  transmitter 

Sub Carrier 

?I? KC- 
52.5 Kc 
40 K c  
30 K c  
2 2  Kc 
14. 5 K c  
10. 5 K c  
7 .35  K c  
5, 4 K c  
3 . 9  K c  
3 . 0  K c  
2. 3 K c  

248 m c  transmitter 

Sub Carrier 

70  K c  
52. 5 K c  
40 K c  
30 K c  
2 2  K c  
14. 5 K c  
10. 5 K c  
7. 3 5  K c  
5. 4 K c  
3 . 4  Kr; 
3.0 K c  

Data 

PHA b 
pm c 
Counter #2 
Counter #1 
Counter $6 
ACS Yaw Jet 
ACS Pitch Jet 
Commutator AS&E $1 
Counter #7 
Counter 45 
Fiducial light $1 
ACS Roll Jet 

Data 

PHA d 
PHA a 
Counter #4 
One Sec. clock (nominal) 
Counter #3 
Commutator - ACS 
ACS Yaw Rate 
Commutator AS&E #2 
Counter 48 
Counter #9 
Counter # i 0 

PHA a cons is ted  of counters 1 and 2, PHA b of counters 3 and 4, FHA c 
of counters  5, 6, 7, PHA d of counters 8 ,  9, 10. Counters number 1, 2, 
5, 6, 7 were below t h e  long collimator and counters number 3,  4, 8,  9, 10 
were  below the  short collimator. Fiducial light #1 is on t h e  long collimator. 
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9.0 TESTING AND CALIBRATION 

9 .1  System Testinq 

The tes t ing program undertaken for th i s  payload was similar 

to the one  described in Section 4 and Appendix 111. Only one  ser ious 

defect was revealed during the testing; namely the failure of the  electro-  

formed gr ids  of the modulation collimators to withstand vibration. These 

grids were similar to the ones  that  had been successfu l ly  used in Rocket  

4. 147, and the failure here was attributed to a difference in mounting (on 

4.148,  the  thrust  axis was normal to the grids) and a higher vibration 

level c a u s e d  by amplification in  the structure. We replaced the electro-  

formed gr ids  with wire wound grids (shown in  Figure 4 of Appendix n) which 

successfu l ly  withstood a second vibration test. 

9.2 Calibration and Aliqnment 

The payload was designed to obviate the need for alignment 

of the  various instruments with respect  to e a c h  other. 

necessary  to al ign the individual collimator grids and  to perform a number 

of cal ibrat ions of the  collimator and the a s p e c t  camera. 

It was still 

Each collimator contained four wire grids. It was necessary  tha t  

t hese  grids be mounteci so that the yiid plafigg bc psrsllel, ax!  EQE jmpnrtant, 

t h a t  a plane could be found tha t  contained one wire in each  grid. 

were checked  for uniformity before being incorporated into the collimators). 

A test faci l i ty  for aligning the grids is shown in Figure 19. It cons i s t s  of a 

point source of X-rays about  30 feet  from the collimator. 

(The grids 
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The X-rays were detected on f i lm,  we  used a commercial X-ray c a s s e t t e  

commonly used in  medical radiography. With two or more grids in place,  

the X-rays were transmitted only along cer ta in  bands. 

was assured by requiring that the bands were parallel  and uniform along 

their length a s  seen on the f i lm .  

a l l  four grids i n  p lace  is shown i n  Figure 20. 

bands a s  seen on the original photograph was  about 0. 5 iriches which 

corresponds to an  angular separation of 5' a t  30 fee t  from the source.  

T h e  alignment 

One example of an X-ray picture with 

T h e  spacing between the 

W:th the aligned collimator a number of t e s t s  were performed; the 

most c r u c i d  of these was  the so-called "fundamental expcr iaent"  i n  

which we attempted to  " lozate"  an X-ray source i n  t h e  laboratory us ing  

the collimator and the a spec t  camera. 

shown i n  Figure 21. 

19 except  that  a vis ible  l ight source was added that was copunctual with 

the X-ray source (hence  OUT X-ray "s ta r" )  and a slit placed i n  front of the 

collimator l ine .  

in  the X-ray counter behind the collimator. 

photograph was taken of the light source and the fiducial  l ights.  

photograph is shown in  Figure 2 2 .  

f iducial  hand with a precision of about 5'1 of the band separation. 

experiment was  repeated over a wide range of transmission directions.  

T h e  geometry of the experiment is 

It  is bas ica l ly  t h e  same a s  tlie set-up shown in 1-igurc 

The  collimator was rotated until a maximum was recordecl 

At that  point,  a vis ibie  light 

One s u c h  

T h e  X-ray "s ta r"  aligns with one of the 

The 
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PHOTOGRAPH OF COLLIMATED X-RAY SOURCE 

TR ANSM IT TED X- RAYS 

SHADOW OF COLLIMATOR 
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Figure 2 0 
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1 0 . 0  FLIGIiT 4 . 1 4 8  

Following final alignment and testing a t  AS&E, the  payload was  

shi pped to WSMR on 2 0 February, 1966. 

T h e  flight scheduled for 3 March was cancel led because  of bad 

weather.  The payload w a s  operational a t  t h e  time of the cancellation. 

During the week preceding t h e  launch attempt, tvc participated 

i n  a number of t e s t s  with t h e  payload. W e  had no problems of any  con- 

sequence with t h e  instrumentation. 

The  flight was  rescheduled for 8 March, t h e  f i r s t  opportunity to  

fly a s  allowed by the range. 

ver t ical  t e s t  and a five hour c h e c k  without incident. 

p lace  a t  0 hr,, 42  min .  o n  Tuesday morning. T h e  flight was  successful .  

The rocket reached an  alt i tude of 103 s ta tu te  m i l e s .  

functioned correctly. The ACS sys  tem apparently worked correctly and 

~ G Y C  zs nrr! nnly the  moper pointing but a l so  the correct j i t ter  ra te  during 

the hold period. 

The payload plus  rocket went through a 

T h e  launch took 

A l l  A S d E  instrumentation 

A l l  data was recovered. T h e  appearance of ScoX-1 was  obvious 

The  payload was  recovered with only i n  t h e  data,  even i n  r ea l  time. 

minor damage. 
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11.0 PRELIMINARY DATA ANALYSIS 

Preliminary ana lys i s  of the recovered data  indicates  that  it 

wi l l  be possible  to perform all experimental objectives. 

during the  t i m e  ScoX-1 was  i n  view is shown in  Figure 23. 

peaks appear  i n  the da ta ,  each one coinciding with a t ransi t  of the X-ray 

source ac ross  one of the transmission bands of a collimator. 

about T = 300 sec and t = 317 seconds,  the  rocket was  virtually motionless 

and no source t rans i t s  were observed. A t  about 325 seconds the  rocket 

began its programmed roll  ( ledex position 21); at about same time 

aerodynamic forces began to take  over to force the  rocket nose down. 

Both of these effects c a u s e  the  rate of motion of the  source with respec t  

to the  collimator to increase  markedly and  resul ted on  a high ra te  of source 

t r ans i t s  unti l  t h e  source was  lost entirely a t  about 335 seconds.  

The data  obtained 

A seiies of 

Between 

One of the aspect photographs taken  during the flight is shown i n  

Figure 24. We determined that  the rocket followed its prescribed maneuver 

with about t he  expected precision; t h e  Crab w a s  acquired within about 1 

of the  central  axis of the collimators; and ScoX-1 within about 3 

axis. 

0 

0 of the  central  

l4.e expect the following resu l t s  to arise from the ana lys i s  of these  

data: 

1. 

2. 

3 .  

4. 

Angular s i z e  and location of ScoX-1 

Angular size and location of the  X-ray source i n  the  Crab Nebula 

Energy spectrum of the  X-rays from ScoX-1 

Energy spectrum of the  X-rays f rom the  Crab Nebula 
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ASPECT PHOTOGRAPH DURING SCOX-1 OBSERVATION 
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Because of its much higher X-ray f lux ,  the data on ScoX-l 

will be of higher precision than that obtained f rom the  Crab Nebula. 



APPENDIX I 

~ Line of Sight Total Mass Computation 

Introduction 

A technique was  developed to  provide the  total atmospheric m a s s  

along a l ine  of s ight  in any arbitrary direction that  passes within a 

specified alt i tgde from the  ear th ' s  limb. 

to handle the computations as is applicable to any rocket or satellite vehicle ,  

whether in  or above the appreciable atmosphere regime. The ana lys i s  

u t i l i zes  a m o d e l  for the  upper atmosphere tha t  incorporates the  effects of 

the  dirunal bulge due  t o  the solar  heating. Other atmospheric models 

or tables could be introduced as  needed to account for the variations due 

to sunspot  act ivi ty  over the 10 - 11 year  cycle.  In the  present program, 

t h i s  is accounted for by minor changes i n  program constants ,  s ince  it is 

a slowly varying function. Vehicle posit ion and l ine of s igh t  direction are  

A computer program w a s  developed 

used as integration cons tan ts  for a routine that numerically integrates  the 

air densi ty  per unit volume along the  l ine of sight. 
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Results for an Aerobee Vehicle 

The l ine of s ight  atmospheric mass per unit area was  determined 

for the  case of a typical  Aerobee rocket launched from White Sands and 

reaching an al t i tude of 221 km. The local s iderea l  t i m e  at launch was  

13h 13". 

Time (Sec) 

80 

100 

120 

150 

180 

230 

2 50 

280 

330 

3 90 

h (b) 

107 

125 

146 

175 

198 

2 20 

221 

2 17 

192 

132 

2 Air M a s s  i n  Micrograms/cm 

Crab 

3348 

1801 

882 

3 49 

173 

96 

97 

107 

233 

1740 

TARGETS* 

ScoX-2 SgrX-1 Serp XR-1 

143 

82 

46 

2 1  

13 

8 

8 

14 

65 

143 

99 

57 

32  

1 5  

9 

6 

5 

6 

10 

44 

69 

40 

23 

11 

7 

4 

4 

4 

7 

30 

c y g  XR-1 

53 

31 

18 

8 

5 

3 

3 

3 

5 

23 

C y g  XR-2 

695 

371 

188 

77 

4 1  

24 

23 

25 

40 

209 

*The elevat ion angle  of the  Crab Nebula was below the  local horizon and tha t  

of Cygnus XR-2 less than  f ive degrees above t h e  horizon at lift off. 

targets were at greater elevat ions ranging f rom t e n  to forty degrees. 

The other 
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APPENDIX I1 

1. INTRCDUCTICN 

The discovery of significant f luxes of X-rays from ce le s t i a l  sources  

w a s  made by  C-iacconi, Gursky, Paolini and Rossi (Giacconi, 1962), and 

subsequent  rocket experiments by severa i  groups have ievea!ed a s  many as  

a dozen d is t inc t  X-ray sources (3. Eowyer, 1965).  Most  of these  sources  

are clustered along the Galact ic  equator and within about 20" of the Calac t ic  

center .  The m o s t  in tense observed source,  ScoX-i, in  the constel la t ion 

Scorpio a t  a Galact ic  latitude of 25 

equator.  

operated in e i ther  the geiger or  proportional region with a field of view 

limited by mechanical collimators. 

degrees  of arc. 

very high resolution s ince  diffraction e f fec ts  a r e  negligible. 

size openinq. one is limited only by the  precision of fabrication. 

modulation collimator devised by Cda (Oda 1964) and first used by Cda et a1 

(1965) in a rocket experiment represents a means of achieving high angular 

resolution with a relatively simple device.  We have made furthsr u s 2  of 

modulation collimators to devise  a rocket payload exclusively devoted to  

making high resolution observations of s ingle  X-ray sources  in order t o  

cieieii-fiina the z!r?gn!ar size and locationof these  objects .  

successfu l ly  flown on  a n  Aerobee rocket on 8 March 1966 from the WSWR. 

Analysis of the data  from that  flight h a s  demonstrated that the angular s i z e  

of ScoX-1 is less than 20 arc seconds  (Gursky 1966A): and has  yielded 

a location that  is precise  to about 1 a rc  minute. (Gursky, 1966Fs). Cn  the 

b a s i s  of t h e  location, a tentative identification h a s  been  made of the  v isua l  

counterpart of the X-ray source (3anciaae. 1 9 6 6 ) .  

0 is t h s  furthest  removed from the Galact ic  

Up to now observations have been  made primarily with gas  counters 

The angular resoiuiiori has been typically 

However, it is possible  to build collimators for X-rays of 

For any  finite 

The 

The payload w a s  
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Except for the fact tha t  we  have built a larger and higher angular 

resolution moduiatfon collimator than hitherto, the  uniqueness of the present 

experiment lies i n  certain innovations i n  the collimator and in  the opt ica l  

a spec t  system tha t  have enabled us  to measure location with high precision. 

Grazing incidence te lescopes  with better than 1 arc minute resolution a re  

being constructed for solar  X-ray s tudies ,  however, because  of limitations 

imposed by currently avai lable  sounding rockets, the instrument configuration 

uti l ized i n  th i s  payload offers the most immediate means for obtaining high 

angular resolution data i n  X-ray astronomy. 

11. NEED FOR HIGH ANGULAR RESOLUTION DATA 

One known object ,  the  Crab Nebula, has  been posit ively identified 

There is tentat ive evidence a s  one of the X-ray sources.  (Bowyer 1964). 

for X-ray e m i s s i o n  from Cas A, Cygnus A,  and M-87 (Byram 1966) however, 

the majority of the  X-ray sources  do not correlate with obvious ce l e s t i a l  

features .  The necess i ty  for making posit ive identifications of the  X-ray 

source is clearly important. 

by the  avai labi l i ty  of space platforms (only 15-20 m i d y e a r  of observation 

time has  been uti l ized so  far) and the  general  difficulty of performing space  

experiments. 

l ike ly  tha t  major advances i n  our understanding of the  X-ray sources wi l l  

c o m e  from observations in  the visible light and the radio portions of the 

electromagnetic spectrum. 

Observations i n  X-ray astronomy are  limited 

Thus provided tha t  good position data is avai lable ,  It is 

Theoretical indications are tha t  reasonably bright vis ible  and radio 

counterparts should exist for the X-ray sources .  
-2 5 2 In  X-rays is typically 10  t o  ergs/cm -sec-(c/s); i f  the  physical  

mechanism for  the production of the X-rays is either e lectron bremsstrahlung 

i n  a hot plasma or the synchrotron radiation of high energy electrons (2. f .  

Manley, 1966 

exceed  this  figure. The integrated power i n  vis ible  light must then be a t  

least 10 t o  ergs/cm -sec whish would correspond to an object  

The observed f lux densi ty  

) the  flux densi ty  a t  longer wavelength should equal  or 

-10 2 
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of 12-14 magnitude, barring obscuration. Provided the angular s i z e  of the  

emission region does not excead the point where the surface brightness is 

below the limits of detectabil i ty (1-2 arc minutes), the object  should be 

clear ly  visible.  

If the X-ray source is a neutron s tar ,  t h e  X-ray spectra would be that  of a 

b!ack-body and the vis ible  light emission woutd be  several  orders of 

magnitude smaller. However, theoretical arguments have been presented 

that indicate that the cooling t i m e  for neutron s t a r s  is too shoii io make them 

l ikely candidates  for the X-ray sources ,  and experimental data  indicates 

that  t h e  high energy end of the X-ray spectrum from at  l e a s t  several  of the 

sources  is not of a black-body form. 

Unless a finite angular size can be measured for a n  X-ray source,  the 

possibi l i ty  m u s t  be  considered tha t  the visible counterpart is a star-like 

object with l i t t le  or no  measurable s ize .  
6 

There are  about 8 x 10 14 mag. or 

brighter s t a r s  in  the sky, corresponding to a n  average densi ty  of about 
2 200/deg . 

r i s e s  to  over 400/deg . 

galac t ic  equator, location measurements precise  t o  a rc  minutes must be  

obtained in order to find the visual  counterparts with reasonable certainty 

Within a ten  degree band around the  ga lac t ic  equator the  dens  

Since m o s t  of the X-ray sources  are  c l o s e  to the 2 

If the X-ray source c a n  be shown t o  have f i n i t e  size, the identification pro- 

blem is eased  considerably because  of the much smaller density of such 

objec ts  in  the sky of the required brightness. 

importance s ince  i t  m u s t  be known in order to determine the energy densi ty  

i i i  t k ~ e  acuree. 

t ha t  high angular resolution observations of the  X-ray sources  were possibly 

the m o s t  important t ha t  could be performed a t  t he  present t i m e .  

Angular s i z e  is of intrinsic 

It wss t h e s e  considerations tha t  Led u s  to  the conclusion 

111. General Design Considerations 

The problem of designing the instruments t o  perform this  experiment 

c a n  b e  s ta ted  in terms of t h e  following requirements. 

6 4  



1. High angular resolution ( 1 arc minute) X-ray collimator 

2. Adequate detector area. For ScoX-1 we measure a counting ra te  
2 of about 20 counts/cm 

with a 100  c m  

sufficient.  

ScoX- 1, correspondingly longer observational t i m e  is required. 

- sec in  thin window g a s  counters ,  thus  observation 
2 effect ive area counters for several  seconds  is more than 

For the weaker sources  whose X-ray flux is 1/10 to 1/20 of 

3. Precise  a s p e c t  system. I t  must be possible  to continuously 

This  ca:: m!y be re la te  the X-ray collimator ax is  to &e ceies i ia i  sphere. 

don0 conveniently with high precision by  observing the s ta r  f ield.  

corollary to this req irement is the necess i ty  for alignment of the a spec t  

sys tem with the X-ray collimator. 

A 

The rocket  carrier represents  a n  intimate part of the exper ment. IVe 

had avai lable  the Aerobee 350 equipped with a roll - stabi l ized,  att i tude 

control system (ACS), with which the entire payload could be  a1 gned to  a 

programmed direction. 

of the three rocket axes within prescribed l i m i t  cyc l e s  around their respec-  

t ive programmed orientation. The att i tude reference was  a set of gyros,  and 

the at ta inable  pointing precision with th i s  system w a s  about 2 . 
motion within the limit cyc le  could be reduced to  several  a rc  minu tedsecond  

and the  size of the limit cycle could b e  made a f rac t ionof  a degree.  

rocket  could be manuevered to a s  many a s  five separate  targets during a 

s ingle  flight. 

but  ac tua l  t i m e  on target may be substantially less depending on the manuevers. 

Clearly this  system, particularly the pointing precision, sets well  def ined 

limitations on what  observations c a n  be performed during a flight. 

The s tabi l izat ion made u s e  o€ gas  je ts  that  kept  each  

0 Residual 

The 

Total observation t i m e  above t h e  atmosphere is about  250 sec, 

The modulation collimator, s ince  i t  can  be built  with large open area  

for X-rays and  h a s  a broad field of view for detect ing a source.  is wel l  sui ted 

for use in a n  experiment with the ACS controlled Aerobee. 

operation of the collimator is shown in Fig. 1. In its simplest  form, the 

coll imator c o n s i s t s  of two planes of parallel wires or grids. 

radiation. t h e  front wires c a s t  a sharp shadow o n  the  plane of the rear  wires. 

The principle of 

For parallel  
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If the shadow fal ls  on the open area between the wires ,  no transmission 

occurs; i f  it fa l l s  on the wires  themselves,  the collimator transmits 

radiation. 

t o  the wires .  

a plane that is normal to t h e  direction of the wires) var ies ,  as during a 

scan  across a n  X-ray source,  the collimator alternately transmits or 

obscures  (modulates) the radiation. 

parallel  (as would be the  case for a finite diameter source). the shadowing 

is not coiiipleie and the  m d u ! a t i m   vi!! not be comp!ete. 

response of this  form of the  modulation collimator is shown in  r igure 2. 

The resolution is determined by the quantity i) = (s t d)/D, which is the 

width,  at the b a s e  of the  modulation cyc le .  

a n  X-ray source whose angular s i ze  is larger than 6 

intermediate grids a t  the proper spacing will  obscure cer ta in  directions and 

extend t h e  range of angular s i z e s  that c a n  be observed. 

Figure 3. The angular resolution is s t i l l  given by 6 . b u t  the transmission 

direct ions of the collimator are separated by a n  angle  4 6 . 
additional grids the modulation collimator is essent ia l ly  a one-dimensional 

image dissector .  

High angular resolution is achieved only in  the  plane normal 

A s  t h e  angle  of incidence of the radiation (as measured in  

If the incident radiation is not 

The ancplar  

hqodulation will  disappear  for 

. The addition of 

An example is 

W'ith the 

We have currently been building modulation collimator grids by using 

standard photo-etching and electroforming techniques,  a s  well as by winding 

wi re  around a special ly  machined form. 

wi re  wound grid that has 0. 005" diameter wi re s  on 0. 01" centers .  

a rea  of this  particular grid is about 40 percent. 

open area c a n  be  achieved; however, necessary  structural  elements will 

reduce the open area  even further. 

Figure 4 is a photograph of 4 x 8" 

The effect ive 

In principle only 50 percent 

A single  t ransi t  ac ross  a source with a conventional collimator yields  

the  location of the source along a s ingle  l ine on the ce les t ia l  sphere. 

ever ,  with a modulation collimator s ince  i t s  angular properties are  only 

weakly dependent on the angle of incidence,  the source location may be 

along any of a se r i e s  of parallel  l ines .  e a c h  one corresponding to  a peak 

How- 
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in the angular response of the collimator (see Figure 3) .  

independent observations of the X-ray source through two slightly different 

modulation collimators which have a common field of view and parallel  X. 

Y axes 

effect to one. or a t  m o s t  a few l ines .  If the two modulation collimators a re  

constructed such that  there is a small difference in  the separation. D. be- 

Pueen t h e  grids.  a source t ransi t  in each  will  define a set of l ines  in  the s k y  

with sl ightly different spacings.  

parallel  to each other the source there will be  a s ingle  line (or lines) that 

is common to the two s e t s  and clearly the source must be on the line. In 

order to determine where along the l ine the source is located 

m u s t  be repeated along a different s c a n  direction by rotating around the Z axis .  

This will  yield another line along which the  source m u s t  lie. b u t  t i l ted with 

respec t  tc? the f i rs t  and the  source must be a t  the intersection of the two. 

There are severa l  a l ternate  schemes by which one or more modulation coll i-  

mators c a n  be used to provide a unique source location. 

However by making 

the number of possibi l i t ies  c a n  be reduced by  a kind of vernier 

Since the l ines  in the two sets will  be 

the observation 

The uti l ization of a hiqh resolution X-ray detection system a l lows  the 

measurement of physical  size or structure of an  X-ray source b u t  does  not 

by i tself  solve the problem of locating the source on the ce les t ia l  sphere.  

An actual experiment cons i s t s  simply of recording the counting ra te  from the 

X-ray detectors  a s  a function of time from a platform in s p a c e  whose orien- 

ta t ion or motion is not known with any  precision. 

periment i f  performed from the surface of the Earth would yield location 

a lmost  directly s ince  D o ~ h  iiit: fiiizntzticr: s f  ~ n t ? ' ~  measuring instruments 

with r e spec t  to the  Earth and the ce les t ia l  orientation of any axis on the 

Earth can  be determined with almost arbitrary precision. 

experiment it is necessary to  obtain a continuous record of the  ce les t ia l  

orientation. 

brings up the problem of measuring the relat ive orientation of two sets of 

instruments and maintaining that orientation throughout the rocket  flight. 

The corresponding ex- 

In a space-borne 

Since this  i rvolves  a separate  s e t  of instruments i t  immediately 
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We have devised a means of measuring orientation that avoids both these 

problems. 

camera, both the s t a r  field and a s e t  of fiducial l ines  a re  formed by allowing 

diffuse light to be incident on the collimator. which from a simple point of 

view will be transmitted preferentialiy along the allowed direct ions a s  

defined by the angular response  of t h e  collimator. 

a bundle of parallel  rays  is formed, which produces the i m a y e  of a !!ne by 

a lens  focused to  infinity. 

It involves photographing through the one lens  of a n  a spec t  

For each  allowed direction 

The net resu l t  is a se r i e s  of l ines that map out the angular response 

The same lens is allowed to  view the s ta r  i ield through of the collimator. 

a n  opening in the collimator. 

locus of directions in  space  from where X-rays may arrive: each  s ta r  image 

defines  a unique ce l e s t i a l  orientation in space.  

tion problem s ince  measurements c a n  be taken with high precision f r a m  

the resul t ing photograph. 

r e spec t  to  the modulation coll imators,  or to rigidly couple the camera to 

the modulation collimator. 

The image of each fiducial  l ine  defines a 

This  so lves  the orienta- 

There is no requirement to a l ign  the camera with 

Figure 5 shows the geometry of camera with respec t  to  the modulation 

collimator. andFigure 6 is a photograph of the s ta rs  and fiducial  l ines re- 

corded during flight. 

s t ructure  because  the transmission of vis ible  light through the collimator 

is dominated by diffraction and it is not obvious where t h e  fiducial  l ine  

image coincides  with th5 peak of the X-ray transmission band. To answer 

the ques t ion  precisely we did a n  experiment which cons is ted  of measuring 

a n  ar t i f ic ia l  X-ray "s tar"  with the collimator and the a s p e c t  camera. 

In actual i ty  the fiducial l ines  present a very complex 

The 



artificial star cons is ted  of a point X-ray source colinear with a point light 

source. The X-ray source w a s  observed through t h e  modulation collimator 

which w a s  rotated until  a maximum transmission was observed. A t  tha t  

point a n  aspect photograph w a s  taken. A s e r i e s  of measurements made 

th i s  way confirmed with a precision of about 5% of t h e  separat ion of the  

fidscial hands, tha t  t he  X-ray direction as determined from the image of 

the v is ib le  counterpart of our artificial s t a r  coincided with the brightest 

portion of the  fiducial  line. M'e a lso  noted tha t  as one went off axis, the  

point of coincidence shifted systematically.  

we  restr ic ted our measurements to fiducial l ines  near t h e  central  portion 

of t h e  f ie ld  of view. 

In t h e  ana lys i s  of flight data  
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rv. IIESSRIPTION OF THE ROSKET PAYLOAD 

The individual in s t rumen t s  tha t  made u p  the payload were the modu- 

lation collimators, the X-ray detectors ,  t h e  a spec t  camera and assoc ia ted  

electronizs .  

The two modulation collimators used  to achieve the  vernier effect are  

mounted i n  a common cylindrical  housing. 

below the modulation collimators and looks out through an  opening between 

the collimators. 

mators. The several  instruments are  shown in Figure 7 and the assembled 

payload is shown schematical ly  i n  Figure 8. An ac tua l  observation during 

a rocket flight cons i s t s  of pointing to a known X-ray source with whatever 

precision is permitted by the  rocket control system. As the  rocket drifts 

bask and forth within the limit cyc le ,  the X-ray source wi l l  move across  

the  transmission bands of the modulation collimators. 

ta ined over a very limited portion ( -1 /2  ) of the ce l e s t i a l  sphere. 

shows the X-ray detector data  obtained during a rocket flight of 8 March 

1966. 

the strong X-ray source i n  Scorpio. These data  plus others were analyzed 

t o  yield a location for the source and an  upper limit to the angular s i z e  of 

the source.  The Crab Nebula was  observed during the same flight, both 

as  a test of the  instrumentation s ince its location is we l l  known,  and t o  

obtain more fnferm2tion on tha t  object a s  a n  X-ray emitter. 

The specif icat ions on the instruments a re  l is ted i n  Table I. 

The a spec t  camera is mounted 

The X-ray detectors are a l s o  mounted below the coll i-  

Thus a s can  is ob- 
0 Figure 9 

The peaks in  the data resul t  from success ive  t rans i t s  of ScoX-1, 

The capabi l i ty  of th i s  instrumentation can be summarized a s  fel!c*ss. 

The modulation soll imators have an angular resolution (defined a s  the fu l l  

width a t  half maximum of the individual transmission bands) of about 40 a rc  

seconds .  Given any reasonable signal/noise,  the  centroid of the counting 

ra te  peak observed when traversing a small  diameter source will  be a frac- 

t ion of th i s  (c.f. the  data in 9). 

5 a r c  minutes, thus a source of several  a rc  minutes s i z e  c a n  be resolved 

i n t o  4 0  a rc  second bands. With the present length  (D) collimator, which 

The separation between peaks is about 
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Table I: Instrument  SpecificaHons 

h.7 od u 1 a t i  on C" o I1 i m a  tor s 

Long Collimator 

S 0. 0045" 

d 0. 0055" 

D 

# of intermediate 
grids 

25. 1 2 5  

1463 x IOm3 

2 

separation between ------- 
adjacent  transmission bands 

Peak X-ray 
Transmission 

Aspect Camera 

X-ray Detectors 

Operating IVode 

Gas Filling 

Entrance Window 

Effective Area 

Short Col lima :or 

0. 0 0 4 5 "  

0. 0055" 

25.  000 

1 . 5 3 5  x 10 

2 

-3 

40% 4 o x  

Body 1 6  mm Mitlikan (Model  DEM - 3c 

Lens f l :4  S O  mm Zooice 

f i e ld  of View 3 x l o o  for s t a r s  

Film Tri-X on  Estar Base 

Proportional Region 

Xenon a t  one atmosphere 

2 
3.  0 mg/cm Eeryllium 

2 
1 2 5  c m  per collimator 

(made up of 5 individual courters) 
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is Limited by the Aerobee rocket.  the angular resolution c a n  not be im-  

proved (by using finer grids) by more than a factor of 4 before X-ray 

diffraction effects  s tar t  becoming important. 

a l lows photographing 6-7 the magnitude s t a r s  provided the drift ra te  of 

t h e  rocket  does not exceed severa l  arc minutes/second. 

s t a r  images on t r i -X  film can  be located to wi ih i i i  severa! x k m n  which  

represents  about 10 arc seconds with a 50 mm focal length lens. 

ce l e s t i a l  orientation of the X-ray collimators could be  determined with 

comparable precision anywhere on the  s ta r  photographs except  a t  the 

corners where distortions were not negligible. 

The present aspect camera 

The center of the 

The 

With th i s  instrumentation used on  Aerobce rockets it wi l l  5e possible  

to  make observations on a l l  but perhaps t h e  weakes t  of the presently knovin 

c e l e s t i a l  X-ray sources.  

avai lable  from a n  orbiting vehicle,  observation time and sensi t ivi ty  could 

be extended. However as the sensi t ivi ty  i s  improved. the  density of ob- 

servable  sources  will no doubt increase and a means  of limiting the field 

of view must be  provided in order to reduce the problem of confusion be- 

tween adjacent  sources. 

Given longer observation times as  would be 

The rocket payload described here w a s  developed under NASA contract 

NAS W-1284. 

are Dr. R. Giacconi. Dr. P. Corenstein. Dr. J. i"laters a t  AS&C and Professor 

H. Eradt. Professor G. Garmire and Dr. B. V. Sreekanidll a t  L:IT. 

Our co l leagues  have greatly contributed to :he program. They 
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APPENDIX IT1 

S y s t e m  Testinq 
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The sys tems tests performed o n  the  payloads included plectrical  

tests, static load t e s t s ,  vibration tests, vacuum t e s t s ,  and payload 

telemetry integration tests. 

Stat ic  %ad Tssts 

Static load tests were conducted i n  accordance with the  loads 

Deflection as measured at the  nose  cone  shown in Figures 1 and 2. 

t ip  was ,  for both payloads less than the 0. 364 in. marimum allowable 

specif ied by NASA. Also, for both payloads,  t he  permanent set measured 

after removal of load was  less than 10 percent of the  deflection. 

Electrical System Tests 

Electrical system checks  were conducted on  the  completely 

assembled payload which established: (a) proper operation of the  

instrumentation, power and control sys tems,  (b) door and t ip  pjection 

sys t ems ,  (c) correct data  readout at the  te le rne tq  interface and (d) 

compatabili ty with the  ground support test console.  

pletion of th i s  test was  aprequisite to committing the  payload to  

vibration tests. 

Satisfactory com- 

Vibration Tests 

Both payruaus - - -I 3 ~ - - ~ ~ ~ - - - - ,  - .----rsfirllt i  p5q:sed random noise  vibration tpsts 

at t h e  following test levels .  

Payload Aris 

Longitudinal 

Each t ransverse 

Level 

10 GRMS 

6 . 2  GRMS 

83  

Duration 

I minute 

'I minute 
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During each  vibration sequence  the  payload w a s  operated in  the  

same mode as  during the  rocket motor burning phase  of the flight. 

payload was  i n  fu l l  operation on  intprnal battery power and thP electr ical  

performance w a s  recorded o n  s t r ip  char ts .  

noted. 

The 

N o  adversp performance was 

Afte r  vibration in ~ a c h  a- is  tho payload was inspected to the  

Upon degree possible by viewing through doors and access parts. 

completion of the t e s t  the  payload was  given a thorough mechanical 

inspect ion at AS&E. 

Vacuum Tests 

Both payloads,  in completely assembled configuration, were 

s3bfec ted  to a one  hour vacuum test with vacuum in the  I O E  Torr range. 

The primary purpose of th i s  t e s t  was  to gain assurance  t h a t  the  completely 

assembled payload would be free of high voltage corona or high voltage 

arc discharge problems. 

while  pass ing  through t h e  corona region. 

vacuum leve l  a complete electr ical  system test was  conducted, including 

the operation of all pyrotechnic devices .  

During pump down the payload was  operated 

Upon achieving t h e  desired 

Payload /Telemet ry  Tntesration Tests 
1 

Payload/Telernetry Integration tests were conductpd on both 

$=ylczc!s at CSFC. 

sec t ion ,  a complete simulated flight was  conducted, and operational 

da t a  w a s  recorded by the  GSFC telemetry ground station. 

Theinstrument payload was  mated to the  tplernptry 

8 6  



The integration t e s t s  for Aerobee 4.  149 also included compatability 

and simulated flight tests with the ACS system. 

Upon completion of the  above tests the  payloads were considprod 

They were then subjected to a f inal  calibration t e s t  a t  ready for flight. 

AS&E and shipped to White Sands Missile Range. 
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